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SECTION 8 - REINFORCED CONCRETE!

Part A

General Requirements and Materials

8.1 APPLICATION

8.1.1 Genera

The specifications of this section are intended for
design of reinforced (non-prestressed) concrete bridge
members and structures. Bridge members designed as
prestressed concrete shall conform to Section 9.

8.1.2

a

ap

ay

Notations

depth of equivalent rectangular stressblock
(Article8.16.2.7)

depth of equivalent rectangular stressblock
for balanced strain conditions, inches (Ar-
ticle8.16.4.2.3)

shear span, distance between concentrated
load and face of support (Articles8.15.5.8
and8.16.6.8)

effective tension area, in squareinches, of
concrete surrounding the flexural tension
reinforcement and having the same cen-
troid asthat reinforcement, divided by the
number of barsor wires. Whentheflexural
reinforcement consistsof several bar sizeor
wiresizes, thenumber of barsor wiresshall
be computed asthetotal areaof reinforce-
ment divided by the area of the largest bar
or wire used. For cal culation purposes, the
thickness of clear concrete cover used to
compute Ashall not betaken greater than 2
inches. (Article8.16.8.4)

area of an individual bar, square inches
(Article8.25.1)

Agn

Ast

At

areaof coreof spirally reinforced compres-
sion member measuredtotheoutsidediam-
eter of the spiral, square inches (Article
8.18.2.2.2); areaof concrete section resi st-
ing shear, squareinches (Article8.16.6.9)
area of concrete section resisting shear
transfer, squareinches(Article8.16.6.4.5)
area of reinforcement in bracket or corbel
resisting moment, square inches (Articles
8.15.5.8and8.16.6.8)

gross area of section, square inches
areaof shear reinforcement parallel toflex-
ural tension reinforcement, square inches
(Articles8.15.5.8and8.16.6.8)

area of reinforcement in bracket or corbel
resisting tensile force, Ng (Ny), square
inches(Articles8.15.5.8and8.16.6.8)
areaof tensionreinforcement, squareinches
areaof compression reinforcement, square
inches

areaof reinforcement to devel op compres-
sive strength of overhanging flanges of 1-
and T-sections(Article8.16.3.3.2)

total cross sectional area of tie reinforce-
ment including supplementary cross ties
within a section having limits of s and h,
squareinches (Article 8.18.2.3.1)

total area of longitudinal reinforcement
(Articles8.16.4.1.2and8.16.4.2.1)

area of shear reinforcement within a dis-
tances, squareinches(Article8.15.5.3.2)
areaof shear-frictionreinforcement, square
inches(Article8.15.5.4.3)

areaof an individual wireto be devel oped
or spliced, squareinches(Articles8.30.1.2
and8.30.2)

1 The Specifications of Section 8 are patterned after and are in general conformity with the provisions of ACI Standard 318 for
reinforced concrete design and its commentary, ACI 318 R, published by the American Concrete Institute.
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loadedarea(Articles8.15.2.1.3and8.16.7.2)
maximum areaof the portion of thesupport-
ing surfacethat isgeometrically similar to
and concentric with the loaded area (Ar-
ticles8.15.2.1.3and8.16.7.2)

width of compression face of member
perimeter of critical section for slabs and
footings(Articles8.15.5.6.2and8.16.6.6.2)
width of cross section at contact surface
being investigated for horizontal shear
(Article8.15.5.5.3)

web width, or diameter of circular section.
For tapered webs, theaveragewidthor 1.2
times the minimum width, whichever is
smaller,inches(Article8.15.5.1.1)
distancefromextremecompressionfiberto
neutral axis(Article8.16.2.7)

factor relatingtheactual moment diagramto
an equivalent uniform moment diagram
(Article8.16.5.2.7)
distancefromextremecompressionfiberto
centroid of tension reinforcement, inches.
For computing shear strength of circular
sections, d need not be less than the dis-
tance from extreme compression fiber to
centroid of tension reinforcement in oppo-
sitehalf of member. For computing horizon-
tal shear strength of composite members, d
shall bethedistancefromextremecompres-
sion fiber to centroid of tension reinforce-
ment for entire composite section.
distancefromextremecompressionfiberto
centroid of compression reinforcement,
inches

distance from centroid of gross section,
neglecting thereinforcement, to centroid of
tension reinforcement, inches

nominal diameter of bar or wire, inches
thicknessof concrete cover measured from
extremetensionfiber tocenter of bar or wire
located closest thereto (Article 8.16.8.4)
modulus of elasticity of concrete, psi (Ar-
ticle8.7.1)

flexural stiffness of compression member
(Article8.16.5.2.7)

modulus of elasticity of reinforcement, psi
(Article8.7.2)

averagebearing stressin concreteon|oaded
area(Articles8.15.2.1.3and8.16.7.1)
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extreme fiber compressive stress in con-
creteat serviceloads(Article8.15.2.1.1)
specified compressivestrength of concrete,
psi

square root of specified compressive
strength of concrete, psi

average splitting tensile strength of light-
weight aggregate concrete, psi

fatigue stress range in reinforcement, ksi
(Article8.16.8.3)
algebraicminimumstresslevel inreinforce-
ment (Article8.16.8.3)

modulusof ruptureof concrete, psi (Article
8152.11)

tensile stress in reinforcement at service
loads, psi (Article8.15.2.2)
stressincompressionreinforcement at bal -
anced conditions (Articles 8.16.3.4.3 and
8.16.4.2.3)

extreme fiber tensile stress in concrete at
serviceloads(Article8.15.2.1.1)

specified yield strength of reinforcement,
psi

overall thickness of member, inches
coredimension of tied columninthedirec-
tionunder consideration (out-to-out of ties)
(Article8.18.2.3.1)

compression flange thickness of 1- and T-
sections

moment of inertiaof cracked sectiontrans-
formedto concrete(Article8.13.3)
effectivemoment of inertiafor computation
of deflection (Article8.13.3)

moment of inertiaof grossconcretesection
about centroidal axis, neglectingreinforce-
ment

moment of inertia of reinforcement about
centroidal axisof member cross section
effective length factor for compression
members(Article8.16.5.2and Appendix C)
additional embedment length at support or
at point of inflection, inches(Article.24.2.3)
development length, inches
development length of standard hook in
tension, measured from critical section to
outside end of hook (straight embedment
length between critical section and start of
hook (point of tangency) plus radius of
bend and onebar diameter), inches(Article
829
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basi c devel opment length of standard hook
in tension, inches

unsupported length of compression mem-
ber (Article8.16.5.2.1)

computed moment capacity (Article8.24.2.3)
maximum moment in member at stage for
which deflection is being computed (Ar-
ticle8.13.3)

nominal moment strength of a section at
balanced strain conditions (Article
8.16.4.2.3)

moment to be used for design of compres-
sionmember (Article8.16.5.2.7)
crackingmoment (Article8.13.3)

nomina moment strength of a section
nominal moment strength of asectioninthe
directionof thex axis(Article8.16.4.3)
nominal moment strength of asectioninthe
directionof they axis(Article8.16.4.3)
factored moment at section

factored moment component in the direc-
tionof thex axis(Article8.16.4.3)

factored moment component in the direc-
tionof they axis(Article8.16.4.3)

value of smaller end moment on compres-
sionmember duetogravity loadsthat result
in no appreciable side sway calculated by
conventional elastic frame analysis, posi-
tiveif member isbent in single curvature,
negativeif bentindoublecurvature(Article
8.16.524)

valueof larger end moment oncompression
member due to gravity loads that result in
no appreciable side sway calculated by
conventional elasticframeanalysis, always
positive(Article8.16.5.2.4)

valueof larger end moment oncompression
member duetolateral |loadsor gravity loads
that resultinappreciablesidesway, defined
by a deflection A, greater than 1,/1500,
calculated by conventional elastic frame
analysis, awayspositive(Article8.16.5.2)
modular ratio of elasticity

Es/E; (Article8.15.3.4)

design axial load normal to cross section
occurringsimultaneously with V, tobetaken
as positive for compression, negative for
tensionandtoincludetheeffectsof tension
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due to shrinkage and creep (Articles
8.15.5.2.2and8.15.5.2.3)
designtensileforceapplied at top of bracket
or corbel acting simultaneously with V, to
be taken as positive for tension (Article
8.155.8)

factored axial |oad normal to the cross sec-
tion occurring simultaneously withVtobe
taken aspositivefor compression, negative
for tension, and to include the effects of
tensiondueto shrinkageand creep (Article
8.16.6.2.2)

factored tensile force applied at top of
bracket or corbel acting simultaneously with
V., to betaken as positive for tension (Ar-
ticle8.16.6.8)

nominal axial load strength of a section at
balanced strain conditions (Article
8.16.4.2.3)

critical load (Article8.16.5.2.7)
designaxial load duetogravity and seismic
loading (Articles8.18.2.2and8.18.2.3)
nominal axial load strength of a section at
zeroeccentricity (Article8.16.4.2.1)
nominal axial load strength at given eccen-
tricity

nominal axial load strength correspondingto
Mx, with bending consideredinthedirection
of thex axisonly (Article8.16.4.3)

nominal axial load strength correspondingto
My, withbending consideredinthedirection
of they axisonly (Article8.16.4.3)

nominal axial load strengthwithbiaxial load-
ing(Article8.16.4.3)

factored axial load at given eccentricity
radius of gyration of cross section of a
compressionmember (Article8.16.5.2.2)
spacing of shear reinforcementindirection
paralel to the longitudinal reinforcement,
inches

vertical spacing of ties, inches (Article
8.18231)

spacing of wiresto bedevel oped or spliced,
inches

span length, feet

design shear force at section (Article
8.15511)

design shear stress at section (Article
8.15511)
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nominal shear strength provided by con-
crete (Article8.16.6.1)

permissible shear stress carried by con-
crete (Article8.15.5.2)

design horizontal shear stress at any cross
section(Article8.15.5.5.3)
permissiblehorizontal shear stress(Article
8.15553)

nominal shear strength (Article8.16.6.1)
nominal horizontal shear strength (Article
8.16.6.5.3)

nominal shear strength provided by shear
reinforcement (Article8.16.6.1)

factored shear force at section (Article
8.16.6.1)

limiting shear stress, psi (Article8.18.2.1.6)
weight of concrete, bs per cubic foot.
distance from centroidal axis of gross sec-
tion, neglecting reinforcement, to extreme
fiberintension (Article8.13.3)

quantity limiting distribution of flexural re-
inforcement (Article8.16.8.4)
anglebetweeninclined shear reinforcement
and longitudinal axisof member
anglebetween shear-frictionreinforcement
and shear plane (Articles 8.15.5.4 and
8.16.6.4)

= ratioof areaof reinforcement cut off to
total area of reinforcement at the section
(Article8.24.1.4.2)

ratio of long side to short side of concen-
trated load or reaction area; for a circular
concentrated load or reaction area, 3.=1.0
(Articles8.15.5.6.3and8.16.6.6.2)

absolute value of ratio of maximum dead
load moment to maximum total load mo-
ment, always positive

ratio of depth of equivalent compression
zoneto depth fromfiber of maximum com-
pressive strain to the neutral axis (Article
8.16.2.7)

correction factor related to unit weight for
concrete(Articles8.15.5.4and8.16.6.4)
coefficient of friction (Article8.15.5.4.3)
tension reinforcement ratio = As/bd
compression reinforcement ratio = A's/bd
reinforcement ratio producing balanced
strainconditions(Article8.16.3.1.1)

Section 8  ReINFORCED CONCRETE

BRrIDGE DesiGN SpeciFicaTions ¢ JuLy 2000

Ph = theratio of horizontal shear reinforcement
area to gross concrete area of a vertical
sectioninpierwalls(Article8.16.6.9.3)

Pn = theratioof vertical shear reinforcement area
to the gross concrete area of a horizontal
sectioninpierwalls(Article8.18.1.5)

Ps = ratio of volume of spiral reinforcement to

total volume of core (out-to-out of spirals)

of aspirally reinforced compression mem-
ber (Article8.18.2.2.2)

reinforcement ratio used in Equation (8-4)

and Equation (8-48) = A¢/b,d

moment magnification factor for members

braced against side sway to reflect effects

of member curvature between endsof com-
pression member

foY = moment magnification factor for members

not braced against sidesway to reflect |at-

eral drift resulting from lateral and gravity
loads

strengthreductionfactor (Article8.16.1.2)

®

O(celte)

@(phi)

8.1.3 Definitions

The following terms are defined for general use in
Section 8. Specialized definitions appear in individual
Articles.

Bracket or corbel - Short (haunched) cantilever that
projects from the face of acolumn or wall to support a
concentrated load or beam reaction. (Articles8.15.5.8
and8.16.6.8)

Compressive strength of concrete () - Specified
compressive strength of concretein pounds per square
inch (psi).

Concrete, structural lightweight - A concrete contain-
inglightweight aggregatehaving anair-dry unit weight
as determined by “Method of Test for Unit Weight of
Structural Lightweight Concrete” (ASTM2 C567), not
exceeding 115 pcf. Inthisspecification, alightweight
concretewithout natural sandistermed* all-lightweight
concrete” and onein which all fine aggregate consists
of normal weight sand is termed “sand-lightweight
concrete.”

2 American Society for Testing and Materials
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Deformed reinforcement - Deformed reinforcing bars,
deformedwire, welded smooth wirefabric, and welded
deformedwirefabric.

Design load - All applicable loads and forces or their
related internal momentsand forces used to proportion
members. For design by SERVICE LOAD DESIGN,
design load refers to loads without load factors. For
designby STRENGTHDESIGN METHOD, designload
refersto loads multiplied by appropriate load factors.

Design strength - Nominal strength multiplied by a
strength reduction factor, ¢

Development length - Length of embedded reinforce-
ment required to develop the design strength of the
reinforcement at acritical section.

Embedment length - L ength of embedded reinforcement
provided beyond a critical section.

Factored load - Load, multiplied by appropriate load
factors, usedtoproportion membersby the STRENGTH
DESIGNMETHOD.

Nominal strength - Strength of a member or cross
section calculated in accordance with provisions and
assumptions of the STRENGTH DESIGN METHOD
before application of any strength reduction factors.

Plain reinforcement - Reinforcement that does not
conformto the definition of deformed reinforcement.

Required strength - Strength of a member or cross
section required to resist factored loads or related
internal moments and forces in such combinations as
arestipulatedin Article 3.22.

Service load - Loads without |oad factors.

Spiral reinforcement - Continuously wound reinforce-
ment intheform of acylindrical helix.

Flitting tensile strength (fy) - Tensile strength of
concrete determined in accordance with “ Specifica-
tions for Lightweight Aggregates for Structural Con-
crete” AASHTOM 1953 (ASTM C 330).

3

Standard Specifications for Transportation Materials and
Methods of Sampling and Testing
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Stirrupsor ties- Lateral reinforcement formed of indi-
vidual units, open or closed, or of continuously wound
reinforcement. Theterm* stirrups” isusually appliedto
lateral reinforcementinhorizontal membersandtheterm
“ties’ to thosein vertical members.

Tension tie member - Member having an axial tensile
force sufficient to create tension over the entire cross
section and having limited concrete cover on all sides.
Examplesinclude: archties, hangerscarryingloadtoan
overhead supporting structure, and main tension ele-
mentsin atruss.

Yield strength or yield point (fy) - Specified minimum
yield strength or yield point of reinforcement in pounds
per square inch.

8.2 CONCRETE

The specified compressive strength, , of the con-
crete for each part of the structure shall be shown on the
plans.Use  =3600ps minimumfor reinforcedconcrete.

8.3 REINFORCEMENT

8.3.1 Theyieldstrengthor gradeof reinforcement shall
be shown on the plans.

8.3.2 Deleted

8.3.3 Designsshall, except as shown below, be based
on ayield strength, fy, of 60,000 psi.

8.3.4 Deformed reinforcement shall be used except
that plain barsor smooth wire may be used for spiralsand
ties.

8.3.5 Thefollowingstructuresshall bedesigned using
fy=40,000 psi: minor structures, slopeand channel paving,
sign foundations (pile and footing types), roadside rest
facilities, concretebarrier (Type50 series) andtemporary
railling.

SecTioN 8 ReINFORCED CONCRETE 8-5
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Part B
Analysis

8.4 GENERAL

All membersof continuous and rigid frame structures
shall be designed for the maximum effects of the loads
specifiedin Articles3.2through 3.22 asdetermined by the
theory of elastic analysis.

8.5 EXPANSION AND CONTRACTION

8.5.1 In genera, provision for temperature changes
shall be made in simple spans when the span length
exceeds40feet.

8.5.2 Incontinuous bridges, the design shall provide
for thermal stresses or for the accommodation of thermal
movement with rockers, dliding plates, elastomeric pads,
or other means.

8.5.3 The coefficient of thermal expansion and con-
traction for norma weight concrete may be taken as
0.000006 per deg. F.

8.5.4 The coefficient of shrinkage for normal weight
concrete may betaken as 0.0002.

8.5.5 Thermal and shrinkage coefficients for light-
weight concrete shall be determined for the type of light-
weight aggregate used.

8.6 STIFFNESS

8.6.1 Any reasonable assumptions may be adopted
for computing the relative flexural and torsional
stiffnesses of continuous and rigid frame members. The
assumptions made shall be consistent throughout the
analysis.

8.6.2 Theeffect of haunches shall be considered both
in determining moments and in design of members.

8-6 Section 8  ReINFORCED CONCRETE
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8.7 MODULUS OF ELASTICITY AND
POISSON’'S RATIO

8.7.1 Themodulusof elasticity, E¢, for concretemay be
taken asw, in psi for values of w, between 90
and 155 poundsper cubicfoot. For normal weight concrete
(we = 145 pcf), E; may be considered as 57000 \/f_c .

8.7.2 Themodulus of elasticity Esfor nonprestressed
steel reinforcement may betaken as 29,000,000 psi.

8.7.3 Poisson’sratio may be assumed as 0.2.

8.8 SPAN LENGTH

8.8.1 The span length of members that are not built
integrally withtheir supportsshall beconsideredtheclear
span plusthedepth of the member but need not exceed the
distance between centers of supports.

8.8.2 Inanalysisof continuousand rigid frame mem-
bers, distancesto the geometric centers of membersshall
be used in the determination of moments. Moments at
faces of support may be used for member design. When
filletsmaking anangleof 45 degreesor morewiththeaxis
of acontinuousor restrained member arebuilt monolithic
with the member and support, the face of support shall be
considered at a section where the combined depth of the
member and fillet is at least one and one-half times the
thickness of the member. No portion of afillet shall be
considered as adding to the effective depth.

Column flares which are designed and detailed to be
monolithic with acontinuous or restrained member shall
beconsidered asfillets. However, no portion of theflares
shall be considered asfilletsif theflaresare designed and
detailed as sacrificial flares, or if the flares are separated
from the continuous or restrained member by a gap.
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8.8.3 The effective span length of slabs shall be as
specifiedinArticle3.24.1.

8.9 CONTROL OF DEFLECTIONS
89.1 Genera

Flexural members of bridge structures shall be de-
signed to have adequate stiffness to limit deflections or
any deformations that may adversely affect the strength
or serviceability of the structure at service load plus

impact.
8.9.2 Superstructure Depth Limitations

Theminimum depthsstipulatedin Table8.9.2 arerec-
ommended unless computation of deflection indicates
that lesser depths may be used without adverse effects.

TABLE8.9.2 Recommended Minimum Depthsfor
Congtant DepthMembers

Minimum Depth2 in Feet

Superstructure Type — -
Simple Spans | Continuous Spans

Bridge slabs with
main reinforcement

parallel to traffic

1.2(S+10)/30 | (S+10)/30 > 0.542

T-Girders 0.070 S 0.065 S
Box-Girders 0.060 S 0.055 S
Pgdestrlan Structure 0.033 S 0.033 S
Girders

a When variable depth members are used, values may
be adjusted to account for change in relative
stiffness of positive and negative moment sections.

S = gpan length asdefined in Article 8.8, in feet.

8.9.3 Superstructure Deflection Limitations

When making deflection computations, thefollowing
criteriaarerecommended.

8.9.3.1 Membershaving simpleor continuous spans
preferably should be designed so that the deflection due
to serviceliveload plusimpact shall not exceed 1/800 of

BRrIDGE DesiGN SpeciFicaTions ¢ JuLy 2000

the span, except on bridgesin urban areas used in part by
pedestrians, whereontheratio preferably shall not exceed
1/1000.

8.9.3.2 The deflection of cantilever arms due to
serviceliveload plusimpact preferably should belimited
t0 1/300 of thecantilever armexcept for thecaseincluding
pedestrian use, wheretheratio preferably should be 1/375.

8.10 COMPRESSION FLANGE WIDTH
8.10.1 T-Girder

8.10.1.1 Thetotal widthof slabeffectiveasaT-girder
flangeshall not exceed one-fourth of thespanlength of the
girder. The effective flange width overhanging on each
side of theweb shall not exceed six timesthethickness of
the slab or one-half the clear distance to the next web.

8.10.1.2 Forgirdershavingaslabononesideonly,
theeffectiveoverhanging flangewidth shall not exceed 1/
12 of the spanlength of the girder, six timesthethickness
of the slab, or one-half the clear distanceto the next web.

8.10.1.3 Isolated T-girdersinwhich the T-shapeis
used to provide aflange for additional compression area
shall have a flange thickness not less than one-half the
width of the girder web and an effective flange width not
more than four times the width of the girder web.

8.10.1.4 Forintegral bent caps, theeffectiveflange
width overhanging each side of the bent cap web shall not
exceed six timestheleast slab thickness, or 1/10 the span
length of the bent cap. For cantilevered bent caps, the
span length shall be taken as two times the length of the
cantilever span.

8.10.2 Box Girders

8.10.2.1 The entire slab width shall be assumed
effective for compression.

8.10.2.2 Forintegral bent caps, seeArticle8.10.1.4.

SecTioN 8 ReINFORCED CONCRETE 8-7
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8.11 SLABS AND WEB THICKNESS

8.11.1 Thethicknessof deck slabsshall bedesignedin
accordance with Article 3.24.3 but shall not be less than
that specifiedin Article 8.9.

8.11.2 Thethickness of the bottom slab of abox girder
shall benot lessthan 1/16 of theclear span between girder
webs or 51/, inches, except that the thickness need not be
greater than the top slab unless required by design.

8.11.3 Whenrequired by design, changesin girder web
thickness shall be tapered for a minimum distance of 12
timesthe differencein web thickness.

8.12 DIAPHRAGMS

8.12.1 Diaphragmsshall beused at theendsof T-girder
and box girder spans unless other means are provided to
resist lateral forces and to maintain section geometry.
Diaphragms may be omitted where tests or structural
analysis show adequate strength.

8.12.2 In T-girder construction, one intermediate dia-
phragmisrecommended at the point of maximum positive
moment for spansin excess of 40 feet.

8.12.3 Straight box girder bridgesand curved box girder
bridgeswith aninside radius of 800 feet or greater do not
reguireintermediate diaphragms. For curved box girder
bridgeshavinganinsideradiuslessthan 800feet, interme-
diatediaphragmsarerequired unless shown otherwiseby
testsor structural analysis. For such curved box girders,
themaximum diaphragm spacing shall be40feet for radius
400feet or lessand 80feet for radiusbetween 400feet and
800feet.

8.13 COMPUTATION OF DEFLECTIONS

8.13.1 Computed deflections shall be based on the
cross-sectional properties of the entire superstructure
section excluding railings, curbs, sidewalks, or any ele-
ment not placed monolithically with the superstructure
section beforefalsework removal.

8.13.2 Live load deflection may be based on the as-
sumption that the superstructure flexural members act

8-8 Section 8  ReINFORCED CONCRETE
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together and haveequal deflection. Theliveloading shall
consist of al traffic lanesfully loaded, with reduction in
loadintensity allowed asspecifiedinArticle3.12. Thelive
loading shall be considered uniformly distributed to all
longitudinal flexural members.

8.13.3 Deflectionsthat occur immediately on applica-
tion of load shall be computed by the usual methods or
formulasfor elastic deflections. Unless stiffness values
are obtained by amore comprehensiveanalysis, immedi-
ate deflections shall be computed taking the modulus of
elasticity for concreteasspecifiedin Article8.7for normal
weight or lightwei ght concrete and taking the moment of
inertiaaseither Iy or leasfollows:

(8-1)
where

frlg
Yt

andf, =modulusof ruptureof concretespecifiedinArticle
815211

Mo =

(8-2)

For continuous spans, the effectivemomentsof inertia
may be taken as the average of the values abtained from
Equation (8-1) for the critical positive and negative mo-
ment sections. For prismatic members, effective moment
of inertiamay betaken astheval ueobtained from Equation
(8-1) at midspan for simple or continuous spans, and at
support for cantilever spans.

8.13.4 Unless values are obtained by a more compre-
hensiveanalysis, thelong-timedeflectionfor both normal
weight andlightweight concreteflexural membersshall be
the immediate deflection caused by the sustained 1oad
considered, computed in accordance with Article 8.13.3,
multiplied by one of thefollowing factors:

(@ Wheretheimmediate deflection has been based
onlg, themultiplication factor for thelong-time
deflection shall be taken as 4.

(b) Wheretheimmediate deflection has been based
on |, the multiplication factor for thelong-time
deflection shall betakenas3- 1.2(A's/As) > 1.6.
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Part C
Design

8.14 GENERAL
8.14.1 Design Methods

8.14.1.1 Thedesignof reinforced concretemembers
shall be made either with reference to service loads and
allowable stresses as provided in SERVICE LOAD DE-
SIGN or, alternatively, with referenceto load factorsand
strengthsasprovidedin STRENGTH DESIGN.

8.14.1.2 Except asprovided herein, all reinforced
concrete structures or members shall be designed by
STRENGTH DESIGN. Current standard designsby other
methods shall be utilized until revised.

8.14.1.3  Structuresdesigned exclusively for carry-
ing railroad traffic and transversely reinforced deck dabsof
highway structuresshall bedesigned by SERVICELOAD
DESIGN. AREA Specificationsmay berequiredfor sub-
structure design of railroad structures.

8.14.1.4 SERVICELOAD DESIGN may beused at
any section where the allowable stress determined by
Article 8.16.8.4 isless than 24,000 psi if the amount of
reinforcement provided is sufficient to satisfy other re-
quirementsfor STRENGTH DESIGN.

8.14.1.5 All applicable provisionsof this specifica-
tion shall apply to both methods of design.

8.14.1.6 The strength and serviceability require-
ments of STRENGTH DESIGN may be assumed to be
satisfied for design by SERVICE LOAD DESIGN if the
service load stresses are limited to the values given in
Article8.15.2.

8.14.2 Composite Flexural Members

8.14.2.1 Composite flexura members consist of
precast and/or cast-in-place concrete elements con-
structed in separate placements but so interconnected
that all elementsrespond to superimposed loadsasaunit.
When considered in design, shoring shall not beremoved
until the supported elements have devel oped the design
properties required to support all loads and limit deflec-
tions and cracking.
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8.14.2.2 The entire composite member or por-
tions thereof may be used in resisting the shear and
moment. Theindividual elementsshall beinvestigatedfor
all critical stages of loading and shall be designed to
support all loadsintroduced prior to thefull devel opment
of the design strength of the composite member. Rein-
forcement shall be provided as necessary to prevent
separation of theindividual elements.

8.14.2.3 If thespecified strength, unit weight, or other
propertiesof thevariouselementsaredifferent, the prop-
ertiesof theindividual elements, or themost critical values,
shall be used in design.

8.14.2.4 In calculating the flexural strength of a
composite member by strength design, no distinction
shall be made between shored and unshored members.

8.14.2.5 Whenanentirememberisassumedtoresist
the vertical shear, the design shall bein accordance with
therequirementsof Article8.15.5or Article8.16.6 asfora
monolithically cast member of the same cross-sectional
shape.

8.14.2.6 Shearreinforcementshall befully anchored
into the interconnected elementsin accordance with Ar-
ticle 8.27. Extended and anchored shear reinforcement
may beincluded astiesfor horizontal shear.

8.14.2.7 Thedesignshall providefor full transfer of
horizontal shear forces at contact surfaces of intercon-
nected elements. Design for horizontal shear shall bein
accordance with the requirements of Article 8.15.5.5 or
Article8.16.6.5.

8.14.3 Concrete Arches

8.14.3.1 Thecombinedflexureand axial load strength
of anarchring shall bein accordance with the provisions
of Articles8.16.4 and 8.16.5. Slenderness effectsin the
vertical plane of an arch ring, other than tied archeswith
suspended roadway, may beeval uated by theapproximate
procedureof Article8.16.5.2 withtheunsupported length,
[, taken as one-half the length of the arch ring, and the
radiusof gyration, r, taken about an axisperpendicular to
the plane of the arch at the quarter point of the arch span.
Values of the effective length factor, k, given in Table
8.14.3may beused. In Equation (8-41), Cryshall betaken
as 1.0 and @shall betaken as0.85.
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TABLE 8.14.3 EffectivelL ength Factor s, k
Rise-to-Span 3-Hinged 2-Hinged Fixed
Ratio Arch Arch Arch
0.1-0.2 1.16 1.04 0.70
0.2-0.3 1.13 1.10 0.70
0.3-0.4 1.16 1.16 0.72
8.14.3.2 Slenderness effects between points of

lateral support and between suspenders in the vertical
plane of atied arch with suspended roadway, shall be
evaluated by a rational analysis taking into account the
requirementsof Article8.16.5.1.1.

8.14.3.3 The shape of arch rings shall conform,
asnearly asispracticable, to the equilibrium polygon for
full dead load.

8.14.3.4 Inarchribsandbarrels, thelongitudinal
reinforcement shall providearatio of reinforcement areato
grossconcreteareaat least equal t0 0.01, divided equally
between the intrados and the extrados. The longitudinal
reinforcement shall be enclosed by lateral tiesin accor-
dancewithArticle8.18.2. Inarchbarrels, upper andlower
levels of transverse reinforcement shall be provided that
are designed for transverse bending due to loads from
columns and spandrel walls and for shrinkage and tem-
perature stresses.

8.14.3.5 If transverse expansion joints are not
provided in the deck slab, the effects of the combined
action of the arch rib, columns and deck slab shall be
considered. Expansion joints shall be provided in span-
drel walls.

8.14.3.6 Wallsexceeding8feetinheight onfilled
spandrel archesshall belaterally supported by transverse
diaphragms or counterforts with a slope greater than 45
degrees with the vertical to reduce transverse stressesin
thearchbarrel. Thetop of thearchbarrel andinterior faces
of thespandrel wallsshall bewaterproofed and adrainage
system provided for thefill.
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8.15 SERVICE LOAD DESIGN METHOD
(ALLOWABLE STRESS DESIGN)
8.15.1 General Requirements

8.15.1.1 Service load stresses shall not exceed
thevaluesgiveninArticle8.15.2.

8.15.1.2 Devel opment and splices of reinforce-
ment shall beasrequired in Articles 8.24 through 8.32.
8.15.2 Allowable Stresses

8.15.2.1 Concrete
Stresses in concrete shall not exceed the following:
8.15.2.1.1 Flexure

Extremefiber stressincompression, f. ..... 0.40

Extremefiber stressin compression

for transversely reinforced

deckslabs, fe .ooovvieeiceei e 1200psi

Extremefiber stressintensionfor
plainconcrete, fi....ooooveviieneincnenne 0.21f,

Modulus of rupture, f, from tests, or, if data are not
available:

Normal weight concrete............c.........
“Sand-lightweight” concrete............... 6.3,/ fe¢
“All-lightweight” concrete................... 5.5, f¢

8.15.2.1.2 Shear

For detailed summary of allowabl e shear stress, v, see
Article8.15.5.2.

8.15.2.1.3 Bearing Stress

The bearing stress, f,,, on loaded area shall not exceed
0.30 f; .
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When the supporting surfaceiswider on all sidesthan
theloaded area, theall owablebearing stressonthel oaded

areamay beincreased by /% , but not by more than
2

When the supporting surface is sloped or stepped, A
may be taken as the area of the lower base of the largest
frustum of the right pyramid or cone contained wholly
withinthesupport and havingfor itsupper basethel oaded
area, and having side slopes of 1 vertical to 2 horizontal.

Whentheloaded areaissubjectedto high edgestresses
dueto deflection or eccentricloading, theal lowablebear-
ing stress on the loaded area, including any increase due
to the supporting surface being larger than the loaded
area, shall bemultiplied by afactor of 0.75.

8.15.2.2 Reinforcement

The tensile stress in the reinforcements, fs, shall not
exceedthefollowing:

Grade4Oreinforcement .........c.cccc.e... 20,000psi
Grade60reinforcement..........ccceuene.. 24,000ps

Grade60reinforcement for transversely
reinforceddeck dlabs.........ccccceuennee. 20,000psi

Instraight reinforcement, therange between the maxi-
mum tensile stressand the minimum stresscaused by live
load plusimpact shall not exceedthevaluegiveninArticle
8.16.8.3. Bendsinprimary reinforcement shall beavoided
in regions of high stress range.

8.15.3 Flexure

8.15.3.1 For theinvestigation of stresses at ser-
vice loads, the straight-line theory of stressand strainin
flexure shall be used with the following assumptions:

8.15.3.2 The strain in reinforcement and con-
crete is directly proportional to the distance from the
neutral axis, except that for deep flexure members with
overall depthto spanratiosgreater than 2/5for continuous
spansand 4/5 for simple spans, a nonlinear distribution
of strain shall be considered.
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8.15.3.3 In reinforced concrete members, con-
crete resists no tension.

8.15.3.4 The modular ratio, n = Es/E; may be
taken as the nearest whole number (but not less than 6).
Except in calculations for deflections, the value of n for
lightweight concrete shall be assumed to be the same as
for normal weight concrete of the same strength.

8.15.3.5 Indoubly reinforced flexural members,
an effective modular ratio of 2 Eg/E. shall be used to
transform the compression reinforcement for stresscom-
putations. Thecompressivestressinsuchreinforcements
shall not be greater than the allowable tensile stress.

8.15.4 Compression Members

Thecombinedflexural and axial load capacity of com-
pression members shall be taken as 35 percent of that
computed in accordance with the provisions of Article
8.16.4. Slendernesseffectsshall beincluded accordingto
therequirementsof Article8.16.5. ThetermP,inEquation
(8-41) shall bereplaced by 2.5timesthedesignaxial load.
Inusingtheprovisionsof Articles8.16.4and8.16.5, g shall
betaken as1.0.

8.15.5 Shear
8.15.5.1 Shear Stress
8.15.5.1.1 Design shear stress, v, shall be
computed by:
_V
V—m (8-3)

whereV isdesign shear force at section considered, b,y
isthewidth of web, anddisthedistancefromtheextreme
compression fiber to the centroid of the longitudinal
tensionreinforcement. Whenever applicable, effectsof
torsion# shall be included.

4 The design criteria for combined torsion and shear given in
"Building Code Requirementsfor Reinforced Concrete” - ACI
318 may be used.
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8.15.5.1.2 For acircular section, by, shall be the
diameter and d need not belessthan the distancefromthe
extreme compression fiber to the centroid of thelongitu-
dinal reinforcement in the opposite half of the member.

8.15.5.1.3 For tapered webs, by, shall bethe aver-
age width or 1.2 times the minimum width, whichever is
amaller.

8.15.5.1.4 When the reaction, in the direction of
the applied shear, introduces compression into the end
regionsof amember, sectionslocated lessthan adistance
dfromfaceof support may bedesignedfor thesameshear,
V, asthat computed at adistanced. An exception occurs
when major concentrated | oads areimposed between that
point and theface of support. Inthat case, sectionscloser
than d to the support shall be designed for V at distance
d plus the major concentrated loads.

8.15.5.2 Shear Stress Carried by

Concrete

8.15.5.2.1 Shear in Beams and One-Way
Sabs and Footings

For members subject to shear and flexure only, the
allowable shear stress carried by the concrete, v, may be
taken as 0.95,/f. . A more detailed calculation of the
allowable shear stress can be made using:

V. =0.9)/ ¢ +LlOOpW(\I</I—dj <16(f,

Note:
(@ M isthedesign moment occurring
simultaneously with V at the section being
considered.

(8-4)

vd
(b) The quantity — shall not be taken greater
M
than 1.0.

8.15.5.2.2 Shear in Compression Members

For members subject to axial compression, the allow-
able shear stress carried by the concrete, v, may betaken
as 0.95,/ f; . A more detailed calculation can be made
using:
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Ve = o.9{1+ o.oooe%}/f_c'

N
The quantity E shall be expressed in pounds per
square inch.

(8-9)

8.15.5.2.3 Shear in Tension Members

For members subject to axial tension, shear reinforce-
ment shall be designed to carry total shear, unlessamore
detailed cal culation is made using:

Ve = o.9{1+ O.OM%J\/TC'

(8-6)

Note:
(a) N is negative for tension.

N
(b) Thequantity E shall be expressed in pounds
per square inch:

8.15.5.2.4 Shear in Lightweight Concrete

The provisions for shear stress, v, carried by the
concrete apply to normal weight concrete. When light-
weight aggregate concrete is used, one of the following |
modificationsshall apply:

(8 When f is specified, the shear stress v, shall
be modified by substituting f /6.7 for fc' ,
but the value of f4/6.7 used shall not exceed

(b) When f is not specified, the shear stress, v,
shall bemultipliedby 0.75for “al-lightweight”
concrete, and 0.85 for “ sand-lightweight”
concrete. Linear interpolation may be used
when partial sand replacement is used.

8.15.5.3 Shear Stress Carried by Shear
Reinforcement

8.15.5.3.1 Where design shear stress v exceeds
shear stress carried by concrete v, shear reinforcement
shall be provided in accordance with this Article. Shear
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reinforcement shall also conform to the general require-
mentsof Article8.19.

8.15.5.3.2 Whenshear reinforcement perpendicu-
lar to the axis of the member is used:

(V ~Ve )bws

A= i

(8-7)

8.15.5.3.3 Wheninclined stirrups are used:

(V ~Ve )bws

fs\sina +cosa

A= (8-8)

8.15.5.3.4 When shear reinforcement consists of
asingle bar or single group of parallel barsall bent up at
the same distance from the support:

A = (Vf_ V'C )bws
<sha

where (v-v¢) shall not exceed 1.5,/ f; .

(8-9)

8.15.5.3.5 When shear reinforcement consists of
aseriesof parallel bent-up barsor groupsof parallel bent-
up bars at different distances from the support, the re-
quired area shall be computed by Equation (8-8).

8.15.5.3.6 Only the center three-fourths of the
inclined portion of any longitudinal bent bar shall be
considered effective for shear reinforcement.

8.15.5.3.7 Where more than one type of shear
reinforcement isused to reinforce the same portion of the
member, therequired areashall becomputed asthe sum of
the values computed for the various types separately. In
such computations, v, shall be included only once.

8.15.5.3.8 When(v-v,) exceeds 2\/f_c' , themaxi-
mum spacings given in Article 8.19 shall be reduced by
one-half.

8.15.5.3.9 Thevalue of (v - v;) shall not exceed

NETS

8.15.5.3.10 When flexural reinforcement located
within the width of amember used to compute the shear
strength isterminated in atension zone, shear reinforce-
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ment shall beprovidedinaccordancewithArticle8.24.1.4.

8.15.54 Shear Friction

8.15.5.4.1 Provisions for shear-friction are to be
applied whereit isappropriate to consider shear transfer
across a given plane, such as: an existing or potential
crack, an interface between dissimilar materials, or an
interface between two concretes cast at different times.

8.15.5.4.2 A crackshall beassumedtooccuralong
the shear plane considered. Required area of shear-
friction reinforcement As across the shear plane may be
designed using either Article8.15.5.4.3 or any other shear
transfer design methods that result in prediction of
strengthin substantial agreement with results of compre-
hensivetests. Provisionsof paragraph 8.15.5.4.4through
8.15.5.4.8 shall apply for all cal culationsof shear transfer
strength.

8.15.5.4.3 Shear-friction design method

(@ Whenshear-frictionreinforcementisperpen-
dicular to shear plane, area of shear-friction
reinforcement Ays shall be computed by

\%
A\/f =
fsu

wheremisthecoefficient of frictioninaccor-
dancewithArticle8.15.5.4.3(c).

(8-10)

(b) When shear-friction reinforcement isinclined
to shear plane such that the shear force pro-
ducestensionin shear-frictionreinforcement,
areaof shear-friction A shall becomputed by

\Y
A,f -—

- fs(/,lsinaf +Cosa ¢ )

(8-11)

where asisanglebetween shear-frictionrein-
forcement and shear plane.

(c) Coefficientof frictionminEquation(8-10) and
Equation (8-11) shall be:

concreteplacedmonoalithicaly ................... 14
concrete placed against hardened concrete

with surfaceintentionally roughened asspeci-
fiedinArticle8.15.5.4.7 ......ccccvveureene. 1.0
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concrete placed against hardened concrete
not intentionally roughened ........ 0.6l

concreteanchoredtoas-rolled structural steel
by headed studs or by reinforcing bars (see
Article8.15.5.4.8) ......cccvrrrrurene 0.7A

wherel =1.0for normal weight concrete; 0.85
for“sand-lightweight” concrete; and 0.75for
“all-lightweight” concrete. Linear interpola-
tionmay beappliedwhen partial sandreplace-
ment is used.

8.15.5.4.4 Shear stressv shall not exceed 0.09 f/
nor 360 psi.

8.15.5.4.5 Net tension across shear plane shall be
resisted by additional reinforcement. Permanent net com-
pression acrossshear planemay betaken asadditivetothe
forceintheshear-frictionreinforcement Ay+fs, whencal cu-
lating required Ay.

8.15.5.4.6  Shear-friction reinforcement shall be
appropriately placed along the shear plane and shall be
anchored to devel op the specified yield strength on both
sidesby embedment, hooks, or weldingto special devices.

8.15.5.4.7 For the purpose of Art. 8.15.5.4, when
concreteis placed against previously hardened concrete,
the interface for shear transfer shall be clean and free of
laitance. If pisassumed equal to 1.04, interface shall be
roughened to afull amplitude of approximately 1/, inch.

8.15.5.4.8 When shear istransferred between as-
rolled steel and concrete using headed studs or welded
reinforcing bars, steel shall be clean and free of paint.

8.15.5.5 Horizontal Shear Design for
Composite Concrete Flexural
Members

8.15.5.5.1 Inacompositemember, full transfer of
horizontal shear forces shall be assured at contact sur-
faces of interconnected elements.

8.15.5.5.2 Design of cross sections subject to
horizontal shear may bein accordancewith provisionsof
Paragraph 8.15.5.5.30r 8.15.5.5.4 or any other shear trans-
fer design method that resultsin prediction of strengthin
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substantial agreement with result of comprehensivetests.

8.15.5.5.3 Design horizontal shear stress vg at
any cross section may be computed by

(8-11A)

where Visdesign shear force at section considered and d
isfor entire composite section. Horizontal shear vy, shall
not exceed permissible horizontal shear v, in accordance
withthefollowing:

(8 Whencontact surfaceisclean, freeof laitance,
and intentionally roughened, shear stress v,
shall not exceed 36 psi.

(b) When minimum ties are provided in accor-
dancewith Paragraph 8.15.5.5.5, and contact
surfaceis clean and free of laitance, but not
intentionally roughened, shear stressvy, shall
not exceed 36 psi.

(©) When minimum ties are provided in accor-
dancewith Paragraph 8.15.5.5.5, and contact
surfaceisclean, freeof laitance, andintention-
ally roughenedto afull magnitudeof approxi-
mately 1/,inch, shear stressvy, shall not exceed
160psi.

(d) Foreachpercent of tiereinforcement crossing
the contact surfacein excess of the minimum
required by 8.15.5.5.5, permissiblev, may be
increased by 721,/40,000 psi.

8.15.5.5.4 Horizontal shear may be investigated
by computing, inany segment not exceeding one-tenth of
thespan, theactual changein compressiveor tensileforce
to be transferred, and provisions made to transfer that
force as horizontal shear between interconnected ele-
ments. Horizontal shear shall not exceed the permissible
horizontal shear stress v, in accordance with Paragraph
8.15553.

8.15.5.5.5 Ties for Horizontal Shear

(@ When required, a minimum area of tierein-
forcement shall be provided between inter-
connected elements. Tieareashall notbeless
than 50 bys / fy, and tie spacing s shall not
exceed four times the least web width of
support element, nor 24 inches.
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(b) Tiesforhorizontal shear may consist of single
barsor wire, multipleleg stirrups, or vertical
legs of welded wire fabric (smooth or de-
formed). All tiesshall beadequately anchored
into interconnected elements by embedment
or hooks.

(¢) All beamshear reinforcement shall extendinto
cast-in-place deck slabs. Extended shear re-
inforcement may be used in satisfying the
minimumtiereinforcement.

8.15.5.6 Special Provisions for Slabs
and Footings

8.15.5.6.1 Shear capacity of slabsand footingsin
the vicinity of concentrated loads or reactions shall be
governed by the more severe of two conditions:

(8 Beam action for the slab or footing, with a
critical sectionextendinginaplaneacrossthe
entirewidth and located at adistance d from
the face of the concentrated load or reaction
area. For this condition, the slab or footing
shall be designed in accordance with Article
8.15.5.1 through 8.15.5.3, except at footings
supported on piles, the shear on the critical
section shall be determined in accordance
withArticle4.4.7.2.

(b) Two-way action for the slab or footing, with
acritical section perpendicular totheplaneof
the member and located so that its perimeter
by isaminimum, but not closer thand/2tothe
perimeter of theconcentrated|oad or reaction
area. For this condition, the slab or footing
shall bedesignedin accordancewith Article
8.15.5.6.2and8.15.5.6.3.

8.15.5.6.2 Design shear stress, v shall be com-
puted by:
\Y
v=—voo
b,d

whereV and b, shall betaken at thecritical sectiondefined
in8.15.5.6.1(b).

(8-12)

8.15.5.6.3 Design shear stress, v, shall not exceed
V¢ given by Equation (8-13) unlessshear reinforcement is
providedinaccordancewith Article8.15.5.6.4.
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2 T T
Ve = (O.8+F\J\/f_c S1.8\/f_C (8-13)
C
Bcistheratioof long sideto short sideof concentrated | oad
or reaction area.

8.15.5.6.4  Shear reinforcement consisting of bars
or wiresmay be used in slabs and footingsin accordance
with thefollowing provisions:

(@ Shear stresses computed by Equation (8-12)
shall be investigated at the critical section
definedin8.15.5.6.1(b) and at successive sec-
tions more distant from the support.

(b) Shear stressv, at any section shall not exceed
0.9\/f_c' and v shall not exceed 3,/ f; .

(©) Where v exceeds 0.9,/ f! , shear reinforce-
ment shall be provided in accordance with

Article8.15.5.3.
8.15.5.7 Deleted
8.15.5.8 Special Provisions for Brackets

and Corbels®

8.15.5.8.1 Provisionsof Paragraph 8.15.5.8 shall
apply to brackets and corbelswith a shear span-to-depth
ratio a,/d not great